We developed 31 sets of melon (Cucumis melo L.) microsatellite markers in this study. Primers for these markers were designed from clones containing simple sequence repeats (SSRs) of (GA/CT)n or (GT/CA)n isolated from a melon genomic library. These microsatellite loci were examined for the detection of alleles among twelve lines and cultivars from six varieties of C. melo. A total of 28 marker loci showed polymorphism by 2.0 % agarose TBE gel separation. And these markers were also examined for cross-species amplification applicable to nine other species in Cucurbitaceae. Among them, 13 marker loci were commonly detected within the major cucurbit crops, cucumber, pumpkin and watermelon using the present primer sets. The species to which the melon microsatellite markers would be most applicable was Momordica charantia (24 markers), followed by Cucumis sativus (20 markers) and Cucurbita maxima (18 markers). These conserved microsatellite loci could be used as anchor markers in studies on synteny in Cucurbitaceae.
Introduction
Microsatellites, or simple sequence repeats (SSRs) have recently been recognized as useful markers in genetic map construction, marker-assisted selection (MAS), population analysis and other purposes in various species (Gupta and Varshney 2000) . Microsatellites comprise a variable number of tandem repeats from one to six nucleotides, and occur throughout the genome of eukaryotes (Tautz and Renz 1984) . Their variation can be demonstrated efficiently by PCR. The products show a length polymorphism corresponding to the number of SSR units. Their use is more convenient than that of restriction fragment length polymorphism (RFLP), and locus-specific microsatellite primers display a higher reproducibility than random amplified polymorphic DNA (RAPD). Microsatellite markers are being considered to be highly informative co-dominant markers, since a microsatellite locus often carries more than ten alleles (Wu and Tanksley 1993 , Provan et al. 1996 , Smith et al. 1997 .
Conservation of the genome structure across genera has been reported in several plant families, such as tomato and potato (Bonierbale et al. 1988) , rice and maize (Ahn and Tanksley 1993) , and Arabidopsis and Brassica (Langercrantz 1988) . This homology has mainly been demonstrated by RFLP as anchor markers. Microsatellite markers are now expected to act as anchor points by cross-species amplification, as observed between Arabidopsis and Brassica (Plieske and Struss 2001, Suwabe et al. 2002) , apple and pear (Yamamoto et al. 2001) , and some cereals (Davierwala et al. 2000) . The use of microsatellites for cross-species amplification, however, seems to depend on the species to be analyzed. Efficient cross-species amplification was observed at many loci in Brassicaceae, while a low frequency was reported in Gramineae and Solanaceae (Devos and Gale 1997, Smulders et al. 1997) . Using a limited number of microsatellite markers designed from melon, Katzir et al. (1996) examined the possibility of utilizing SSRs for cucumber, watermelon and pumpkin.
Linkage maps of cucurbit crops have been constructed in melon (Baudracco-Arnas and Pitrat 1996, Wang et al. 1997) , cucumber (Kennard et al. 1994 , Meglic and Staub 1996 , Serquen et al. 1997 and watermelon (Hashizume et al. 1996 , Levi et al. 2001 ) using different marker techniques. In order to integrate these maps and to study synteny, microsatellite markers should be developed as anchor markers, which are commonly mapped in cucurbit crops. However, information on microsatellites in cucurbits, especially that on the primer sequence, is not sufficient yet (Katzir et al. 1996 , Jarret et al. 1997 , Danin-Poleg et al. 2001 .
The objective of this study was to develop new microsatellite markers designed from the melon genome and to identify common microsatellite loci in major cucurbit crops and some cucurbit species. used in this study (Table 1) . Among them, 11 lines and cultivars were classified into six varieties. However, one line could not be classified. Nine cucurbit species other than C. melo were evaluated for use of melon microsatellite markers for cross-species amplification (Table 2) . Trichosanthes cucumeroides was collected on a roadside in Ano, Mie. The other accessions were derived from a genetic stock maintained at the National Institute of Vegetable and Tea Science (NIVTS) ( Table 2) . Each one individual was tested in lines, cultivars, or species. Young leaves were sampled and freezedried. Genomic DNA was extracted from one individual in each line or cultivar by the CTAB method (Murray and Thompson 1980) .
Isolation of microsatellites
A small-insert genomic library of C. melo var. cantaloupensis cv. Harukei 3 gou was constructed for the isolation of microsatellites. Genomic DNA was digested completely by Sau3AI and fractionated by 1.0 % agarose TBE gel. DNA fragments with 300 to 1000 bp were excised from the gel and then ligated into the BamHI site of the lambda phage vector, ZAP express (Stratagene La Jolla, California). The phage library was screened with digoxygenin-labeled synthetic oligonucleotide probes, (GA) 15 and (GT) 15 (Suwabe et al. 2002) . Plaque hybridization was carried out according to the manufacturer's instructions (DIG detection system, Roche Diagnostics GmbH, Mannheim) with a stringency wash at 55°C in 0.5 x SSC containing 0.1 % SDS. Positive phage clones were converted into the pBK-CMV phagemids by in vivo excision (Stratagene La Jolla, California). The phagemids were sequenced with T3 and T7 promoter primers using an ABI 377 sequencer (Applied Biosystems, Foster, California) to determine the nucleotide sequences of microsatellites and their flanking regions. Munger and Robinson (1991) Primer design and PCR amplification To amplify the microsatellite loci, specific primer pairs were designed from the SSRs flanking region. The primer sites with a GC content of approximately 50 % and expected size of the products ranging from 100 to 300 bp were selected. PCR was performed in 10 µl volume of a reaction mixture, containing 20 ng of genomic DNA, 250 nM of each primer, 0.25 mM dNTPs, 1 x reaction buffer (Takara Shuzo Co. Ltd., Osaka), and 0.5 unit of Taq DNA polymerase (Takara Shuzo Co. Ltd., Osaka). The mixture was initially denatured at 94°C for 2 min, followed by 35 cycles at 94°C for 1 min, 50°C to 60°C for 1 min and 72°C for 1 min, and final extension at 72°C for 4 min on a GeneAmp PCR system 9700 (Applied Biosystems, Foster, California). Annealing temperatures ranged from 50°C to 60°C to optimize the reaction. PCR products were fractionated on a 2.0 % agarose TBE gel containing ethidium bromide. After electrophoresis, the PCR products were visualized with an UV illuminator and polymorphisms were detected.
Calculation of polymorphic information content (PIC) value
The information value of the designed markers was determined based on the polymorphic information content (PIC) value. PIC of a locus was calculated according to the formula:
, where p ij is the frequency of the jth microsatellite allele for a clone i (Smith et al. 1997) . A heterozygous genotype was scored as 0.5 for each of the two alleles presented. This value is referred to as heterozygosity and gene diversity value (Weir 1990 , Anderson et al. 1993 .
Results
Approximately 78,000 clones were screened with the GA/CT and GT/CA probes and 54 clones were found to have microsatellite DNA by sequencing (Table 3 ). Since the average insert size was calculated to be approximately 400 bp from the sequence data, the library size was estimated at 31.2 Mbp (78,000 pfu × 400 bp). The frequency of identified microsatellites was estimated at 1.7 per Mbp in the melon genome. Fifty seven percents of the sequenced clones contained GA/CT repeats, while one fourth of the clones contained GT/CA repeats. The remaining clones showed trinucleotide (2 clones), tetra-nucleotide (one clones) or complicated repeats (Table 3) .
Specific primer pairs (25 bp) were designed to amplify the microsatellite loci. The synthesized primers were screened for the amplification of a single fragment with an expected size using genomic DNA of cv. Harukei 3 gou as a template. Thirty-one primer pairs were eventually selected (Table 4 ). The expected fragment size was calculated based on the sequence data and ranged from 105 bp to 480 bp with an average of 286 bp. These microsatellite loci were examined for detecting alleles among twelve lines and cultivars of C. melo (Fig. 1) . A total of 28 marker loci showed polymorphism by agarose gel separation. One to four alleles were detected. The PIC value ranged from 0 to 0.74 with an average of 0.35. No clear regression relation was observed between the number of repeats and the PIC value (data not shown).
The 31 melon microsatellite markers were examined for use for cucurbit species other than Cucumis melo (Table  5) . Four markers, CMMS4-3, CMMS30-3, CMMS33-1 and CMMS33-2 constantly amplified one or two fragments in all the tested species (Table 5) . Thirteen of the 31 primer pairs amplified fragments from the major cucurbit crops, melon, cucumber, pumpkin and watermelon. The species to which the melon microsatellite markers would be most applicable was Momordica charantia (24 markers), followed by Cucumis sativus (20 markers) and Cucurbita maxima (18 markers).
Discussion

Development of microsatellite markers
Dinucleotide microsatellites were reported to occur in a higher frequency than tri-and tetra-nucleotide microsatellites in plants (Depeiges et al. 1995 , Diwan et al. 1997 , Plieske and Struss 2001 . Furthermore, Smith et al. (1997) and Senior et al. (1998) reported that the average PIC value for dinucleotide repeats was higher than that for tri-and tetranucleotide repeats. Therefore, we used here only dinucleotide repeats as probes for efficient screening of microsatellite markers.
In this study, GA/CT repeats were observed more frequently than GT/CA repeats in the genome of Cucumis melo. In cucurbit crops, watermelon also showed a higher frequency of GA/CT than GT/CA repeats (Jarret et al. 1997) and the results were consistent with the present findings. A higher frequency of GA/CT repeats was observed in the genomes of rice (Wu and Tanksley 1993) , wheat (Roder et al. 1995) , Arabidopsis (Bell and Ecker 1994), Brassica rapa (Suwabe et al. 2002) and Brassica napus (Kresovich et al. 1995) . In contrast, a higher frequency of GT/CA repeats was 
Two to four varieties or cultivars were examined except for B. hispida, M. charantia and T. cucumeroides. Since, the numbers of the amplified fragments were very similar among the varieties or cultivars within a species, only one of them was listed for each species −: no or unclear amplification, +: more than four fragments. Classification according to Jeffrey (1961) reported in the genome of tobacco (Lagercrantz et al. 1993) .
The designed 31 microsatellite markers were evaluated using 2.0 % agarose TBE gel. The average number of alleles detected was 2.5, and was somewhat low, but comparable to the value, 3.5 reported in melon microsatellites using acrylamide gel electrophoresis (Danin-Poleg et al. 2001) . Although we tried to use 4.0 % Nusieve GTG agarose (BMA, Rockland) for detecting polymorphism, no remarkable improvement was observed (data not shown).
Application of melon microsatellite markers to cucurbit species
Three genera in Cucurbitaceae, Cucumis, Citrullus and Cucurbita, contain economically important species, melon, cucumber, watermelon and pumpkin. Among them, melon and watermelon have a similar chromosome number and similar genome size, whereas cucumber has a smaller genome size and chromosome number. The chromosome number of three species in Cucurbita is almost double of that of melon, but the genome size is similar to that of melon (Arumuganathan and Earle 1991) . Therefore, the genome relationship of these species is complex. Extensive breeding efforts have been made in these species. Soluble sugar content of mature fruits is one of the major breeding objectives in melon and watermelon, while resistances to Fusarium wilt and powdery mildew are important traits in melon, cucumber and watermelon breeding. It is interesting to determine whether loci controlling these common traits are derived from homologous parts of the genome. Quantitative trait loci controlling the flowering time of several Brassica species were reported in homologous parts of the genomes (Axelsson et al. 2002) . Since a large number of the present primer sets enabled to identify microsatellite loci in these cucurbit crops, homology studies using these microsatellite loci may provide information on the loci controlling these common traits, and clarify the relationships among the genomes of these species.
Besides these three genera, most of the primer pairs effectively detected microsatellite loci in bitter gourd, Momordica charantia, a common cucurbit crop in tropical and subtropical areas, where the chromosome number is almost double (2n = 44) of that of melon. The present primer set amplified two or more bands in one individual of M. charantia (Table 5 ). It is suggested that this species has a doubled genome and that the present primer sets may detect the duplicated loci.
It is noteworthy that the majority of the present primer pairs detected microsatellite loci in other cucurbit species examined here. These species cover 5 of 7 tribes in Cucurbitoideae, a main subfamily in Cucurbitaceae and include one wild species (Bates et al. 1990) . The results indicate the presence of a close relationship among the cucurbit genomes. The present primer pairs acted as valuable landmarks in linkage studies and marker-assisted selection of these cucurbit crops. Moreover, these microsatellite markers may also be used for studying genome structure and evolution of Cucurbitaceae.
